Malononitrile
is an important compound in the technical synthesis of vitamin Bl, various herbicides and insecticides, and a number of dyes. The methods described for its determination include gas chromatography,' thin-layer chromatography,2 titration in non-aqueous solvents' and a luminescence procedure.4 Some of these methods also apply to the assay of the riot-control agent o-chlorobenzal malononitrile (CS) by hydrolysis of this compound to chlorobenzaldehyde and malononitrile.4*5
For CS, Tarantino6 has described a polarographic method based on the electroreduction of the compound itself or the o-chlorobenzaldehyde formed from it by hydrolysis. The other hydrolysis product (malononitrile) was found to be electro-inactive in his study.
We have observed that malononitrile gives rise to a polarographic reduction wave in alkaline methanolic medium. This paper describes a procedure for the polarographic determination of malononitrile based on this.
EXPERIMENTAL RESULTS AND DISCUSSION

Reagents
Methanol @a.), tetraethylammonium iodide (TEAI) (fiir die Polarographie), tetramethylammonium hydroxide (TMAOH) (0. IM in propan-2-al/methanol), tetraethylammonium chloride (TEACl) (zur Synthese), lithium chloride (Suprapur), dimethylsulphoxide (zur Synthese) and ethanol @a.) were used as received from Merck. The malononitrile (Merck-Schuchardt, zur Synthese was recrystallized from ethanol until a colourless product was obtained. Succinic acid dinitrile (Fluka, puriss.) and benzonitrile (Riedel de Haen) were used as received. Acrylonitrile, malonic acid and cyanoacetic acid were from Fluka and used as received. The dimer of malononitrile, 2-amino-1, I ,3-tricyanopropene, was synthesized according to the procedure given by Carboni et al. ' When malononitrile is polarographed in O.lM TEAI/O.OOlM TMAOH/MeOH, a reduction wave can be observed if a polarogram is run after the usual deaeration period (see Fig. 1 ). Its half-wave potential lies at -1.50 V us. silver/silver chloride (in saturated TEACl/MeOH). Drop-time variation shows that this reduction wave is diffusion-controlled (Table 1 ). The slopes of the log plots indicate irreversibility and most likely a one-electron transfer. The diffusion current for this reduction decreases if the alkaline solution of the malononitrile is kept for longer than 1 hr (Table 2) , presumably because of chemical conversion of the electroactive species. However, in the period 3&60 min after mixing of the malononitrile and the supporting electrolyte, the limiting current remains fairly constant.
The formation and decomposition of the electrot = 4.73 set for DME # 8 and WI = 0.77 mg/sec, t = 4.92 set for DME # 5 and a mercury height of 66 cm. The reference electrode was a silver/silver chloride electrode in methanol saturated with TEACI. A platinum wire was used as the auxiliary electrode. The nitrogen used for deaeration was saturated with methanol to prevent loss of solvent from the sample during removal of dissolved oxygen.
Procedure
The polarographic measurements on calibration standards and samples of malononitrile were performed as follows. A 35-ml portion of the supporting electrolyte (O.lM TEAI/O.OOlM TMAOH in methanol) was deaerated by passage of nitrogen for 5 min. Then the malononitrile sample or standard was added and nitrogen was passed for 15 min. Then either the sampled d.c. or differential pulse polarogram was recorded over the range from -1 .O to -2.0 V applied potential vs. silver/silver chloride (in saturated TEACl/MeOH). The drop-time used was 0.4 sec. In the DPP technique a pulse amplitude of 20 mV was used.
The sampled d.c. polarograms were evaluated by the use of a three-parameter curve-fitting procedure, for the parameters limiting current, half-wave potential and slope of the log plot of current vs. potential.' These findings indicate that the base TMAOH and the alcoholic solvent take part in the conversion of the malononitrile into the electroactive species. This was confirmed by ultraviolet spectrometry measurements. Malononitrile shows no ultraviolet absorption in methanol.
Addition of 4 x 10m4M TMAOH to 4.5 x 10m4M malononitrile produces an absorption peak with a maximum shifting from 230 nm to 250 nm, with substantial broadening over a period of 30 min. Again this behaviour is different from the behaviour of the dimer, which shows a rather stable absorption peak at 300 nm under these conditions.
Attempts to isolate and identify this electroactive species by UV, MS and NMR spectrometry were unsuccessful, most likely because of the instability of the electroactive compound. Nevertheless, on the basis of the findings mentioned above, it was possible to develop a procedure for the polarographic determination of malononitrile in which the parameters that influence the formation of the electroactive species are closely controlled. This was accomplished by accurate temperature control of the polarographic cell, standardization of the concentration of TMAOH in the supporting electrolyte, and a strict time schedule in the procedure.
The results for measurement of a number of standard and test solutions, prepared by directly weighing purified malononitrile and dissolving it in methanol, are given in Table 4 . The calibration graph is not linear, but the calibration data can be fitted to a cubic spline function with 3 knots equally spaced over the concentration interval measured, and this function used to retrieve the concentration of the test sample. This approach allows automation of the system. The deviation between the amount taken and found was 1.3%, and the standard deviation for 6 replicate samples was 0.5%
The procedure was tested for interference by the compounds cyanoacetic acid, malonic acid, acrylonitrile, benzonitrile and succinic acid dinitrile. These compounds did not change the reduction wave of the malononitrile at -1.50 V when present at concentrations not exceeding that of the malononitrile.
